The aim of the present study was to demonstrate the influence of boar breed and season on semen parameters. The research material consisted of 31 boars: Polish Large White (PLW), Polish Landrace (PL), and Duroc × Pietrain (D × P), aged 8 to 24 months. The analysed material consisted of 1390 ejaculates, collected during the period January 2010 to October 2012. Semen samples were assessed in terms of semen volume (mL), sperm concentration (× 10 6 m/mL), total number of sperm (× 10 9 ), total number of live sperm (× 10 9 ) and number of insemination doses obtained from one ejaculate (n). In winter, an increase in sperm concentration was observed for the PLW breed. Moreover, an increase in the volume of semen produced for this breed was noted in summer and autumn. Differences between breeds for the total number of sperm and total number of live sperm were observed for the winter and spring periods. The largest semen volume was noted for the PLW breed (276.4 ± 9.66 mL). However, in the analysis of other sperm parameters, boars of this breed demonstrated the poorest results. The highest insemination dose was obtained from breed D × P in winter (26.0 ± 0.51). Correlation analyses indicated that PLW and D × P boars are the least resistant to higher ambient temperatures, and in summer and autumn this resulted in a reduction in sperm concentration (-0.26 and -0.20, respectively).
Introduction
The continuous development and popularity of artificial insemination (AI) in pigs have driven the rate of high-performance insemination dose production intended for production distribution not only in Poland, but around the world. Eliminating all differentiating factors to produce the most homogeneous biological material is important, especially in insemination dose production. The quality and quantity of semen used for artificial insemination is determined by the main parameters; volume, sperm concentration, number of live sperm and number of insemination doses obtained from one ejaculate after dilution, all of which are sometimes difficult to interpret (Smital et al., 2004) .
Problems with fertilization, in addition to sow disorders, can be influenced by the quality of semen from the male (Chenoweth, 2005) . The quantity and quality of ejaculates are affected by animal and environmental factors such as breed, age, feeding, health status and season (Cheon et al., 2002) . The seasonality of breeding performance in sows and boars is often discussed in the literature (Peltoniemi et al., 2000; Strzeżek et al., 2000; Basset et al., 2001; Tast et al., 2001) . Changes in the composition of semen during the year may vary between 25% and 30% (Colenbrander & Kemp, 1990) . The main determinant of daily sperm production is the number of Sertoli cells, which is determined by testes mass (Okwun et al., 1996; Ford et al., 2006) . Currently, strong emphasis is being placed on the impact of sires on offspring, and this is especially so in insemination where the number of offspring of one sire is significant.
A temperate climate can be defined as a climate where there is a distinct difference in the minimum and maximum temperatures recorded during the seasons, and also in the number of sunshine hours, rainfall, humidity and number of daylight hours. Complex meteorological factors must be taken into account, which include the microclimate of the season, with particular emphasis on temperature, especially in intensive pig production. The length of daylight regulates reproduction in wild boars, the ancestor of the domestic pig (Popiołek et al., 2010) , with synchronization supported mostly by temperature and the amount of food (Kozdrowski & Dubiel, 2004) .
Each opportunity to identify and eliminate variables influencing the quality of ejaculates should contribute to an increase in the number of insemination servings available for use in insemination programmes (Sancho et al., 2004) . Temperature is accorded a special role among environmental factors (Corcuera et al., 2002) . This is understandable, because it is a factor with a significant effect on differences between seasons. Positive effects are induced by the body's exposure to sunlight and movement, which can be associated with the production of vitamin D in males (Kinuta et al., 2000; Bouillon et al., 2008; Blomberg et al., 2011) . Alternatively, it is suggested that light intensity is more important than daylight length (Okere et al., 2005) . Better knowledge of the factors affecting the quantity and quality of ejaculates results in the improved efficiency of biological, organizational and economical insemination. Therefore, it is reasonable to carry out research in this field, focusing on both the external environmental conditions and genotype. The profitability level of AI centres is determined by the basic semen traits, and therefore the search for indicators impairing the productivity of insemination portions is important (Robinson & Buhr, 2005; Wolf & Smital, 2009) . In recent years, AI has been widely implemented in the production of pigs. Therefore, the choice of boars is becoming increasingly important and urgent to the pig industry (Ren et al., 2009) . Understanding the basic genetic differences between the male reproductive traits of different breeds of boars is necessary to increase the efficiency of sperm production in insemination stations (Safranski, 2008) . One solution that can improve the situation of the insemination station is the introduction of a low number of sperm technologies (post-cervical, deep uterine, laparoscopic insemination), especially at the time of the decrease in production of sperm by the boars during high temperatures (Gerrits et al., 2005) .
The aim of the present study was to demonstrate the influence of boar breed and season on semen parameters in industrial piggeries located in a temperate climate.
Material and Methods
Animals were housed in an industrial piggery in Opolskie Province, Poland, at 51.0431ºN, 17.8583ºE. Semen samples were used in the preparation of insemination doses for their own production system. Thirtyone boars (12 PLW, 10 PL, 9 D × P), aged between 8 to 24 months, were used in the study. Steps to eliminate the effect of age were taken in the research. In all seasons and age groups (8 -10; 11 -13; 14 -16; 17 -19; 20 -22; 23 -24 months) 2 to 4 boars were selected depending on the breed. The number of young, middle-aged and old boars in each season and breed was almost identical. The individual pen area was 10 m 2 /boar, and the floor surface was concrete. Food intake was individualized for each boar according to Polish Swine Nutrition Requirements (1993), with ad libitum access to water. A summary of the metabolic energy was 30 -37 MJ, digestible protein 340 -420 g, lysine 22 -30 g, methionine + cystine 15 -20 g, calcium 18 -22 g, phosphorus 13 -16 g and sodium 3 -5 g per kg, depending on boar age and breeding performance. The microclimate in the area for boars was controlled automatically and remained at an optimal level for this group. The air temperature in all the boar pens was 15 ºC (average minimum 12 ºC and maximum 20 ºC). Relative humidity was close to 75% (min 65%, max 85%). The air circulation inside the building was equal to 0.15 m/s in winter and 0.20 m/s in the summer.
At 20 minutes before and after collection, boars were stimulated by short physical activity to meet their basic behavioural needs. This took place on an uncovered walk outside, leading to the place of semen collection. The ground there was soft (soil, sawdust), which allowed grouting. At this time, the males were exposed to external weather conditions. The boars were maintained in accordance with the principles of animal welfare (Ordinance of the Minister of Agriculture and Rural Development, 2010) .
A total of 1390 ejaculates were collected (491 PLW, 421 PL, 478 D × P) in the period, January 2010 to October 2012. Ejaculates was collected by masturbation via a manual method (King & Macpherson, 1973) , using a container with filter. Semen samples were taken per boar in each season: winter (January, February, March), spring (April, May, June), summer (July, August, September) and autumn (October, November, December). The average number of samples in the season per boar varied, depending on the breed (PLW: 10.23, PL: 10.53, D × P: 13.28). Collections were made in almost homogeneous terms during the seasons (equal time intervals, including beginning, middle and end of the season) for all breeds with no significant deviations. Only the sperm-rich fraction was analysed. The gelatinous fraction was separated from the complete sample before analysis.
The traits analysed included semen volume (mL), sperm concentration (× 10 6 /mL), total number of sperm (× 10 9 ), total number of live sperm (× 10 9 ) and the number of insemination doses obtained from one ejaculate (n). Immediately after collection, the volume of semen was measured with a scalar cylinder. The concentration of sperm was evaluated with a SpermaCue device (Model 12300/0500, Minitube International, Verona, USA). Based on semen volume and sperm concentration, the total number of sperm in the ejaculate was calculated. The vitality of the sperm was measured by a simple method developed for the commercial piggery laboratory, based on motile spermatozoa and sperm abnormal change visibility under the microscope without the addition of chemical reagents. In native semen, the percentage of motile spermatozoa was determined microscopically (200 × magnification). The percentage share of correctly motile spermatozoa among the total number of visible spermatozoa was determined (Bennett & O'Hagan, 1964) . Then, the percentage of motile spermatozoa and the total number of spermatozoa were multiplied to achieve the total number of motile spermatozoa. Semen dilution took place immediately after the assessment using a short-term BTS boar semen extender (Version 13525/0100 Antibiotic free, Minitube International, Verona, USA).
Each season during the years of the experiment, data on temperatures, humidity, number of sunshine hours and rainfall near the farm came from the Institute of Meteorology and Water Management-National Research Institute (Table 1) . To calculate the correlation coefficients, the outside temperature for each day of semen collection was obtained, including the hour. The data were analysed using the STATISTICA (2012) statistical programme. The values in the tables were determined by calculating the mean ( ) and standard error (SE). The mixed model with the repeated measure statement was used with season as a permanent effect and breed as a random effect. The significance of differences between breeds and seasons was calculated based on Tukey's multiple range test. In addition, Pearson's correlation coefficient (r) was calculated not only between the analysed parameters of semen within breeds, but also between semen parameters and temperature within each season. Levels of significance of differences were given conventionally: significant 0.01< P ≤0.05 and highly significant P ≤0.01.
Results
The effect of season on selected parameters of semen is presented in Table 2 . The highest sperm concentration was recorded during winter (P ≤0.01). Large differences were noted between this season and spring and summer (P ≤0.01). The semen volumes in spring and autumn were characterized by similar size. The lowest volume was observed in winter and the highest in summer (P ≤0.05). There were no statistically significant differences between seasons in terms of the total number of sperm and number of live sperm in the ejaculate. The changes in the total number of live sperm in the ejaculate were similar to those observed for the total number of sperm. Differences between seasons for the number of insemination doses were observed in winter and summer (P ≤0.05). Table 3 shows the effect of breed on the general parameters of boar semen. The highest sperm concentration, compared with other breeds, was found in the D × P breed (P ≤0.01). For this parameter, differences among all investigated breeds were confirmed statistically (P ≤0.01). A large difference was observed in the amount of semen produced by PLW and D×P boars (P ≤0.01). Further analysis of the semen revealed that the PLW breed produced the lowest number of sperm per ejaculate, and sperm of this breed was characterized by a low number of live sperm (P ≤0.01). In terms of the number of insemination doses, the PLW breed had the worst results, compared with the other breeds (P ≤0.01).
The degree of dependence between the parameters of boar semen is presented in Table 4 . The calculations proved the tendency that with increasing semen volume, the concentration decreased. The largest relationship between these two parameters was observed for the PLW breed (P ≤0.01). Very high correlation coefficients were shown between the total number of sperm and the number of live sperm in the ejaculate and also the number of insemination doses. The strongest correlations between the total number of sperm and the number of live sperm were observed for the PLW and PL breeds (P ≤0.01). However, the highest correlation coefficient value between the total number of sperm and the number of insemination doses was recorded for the D × P breed (P ≤0.01). Moreover, a strong relationship was found between the number of live sperm in the ejaculate, and the number of insemination doses. The highest correlation coefficients were noted for the PLW and D × P breeds (P ≤0.01). The influence of season and breed of boar on selected semen parameters is shown in Table 5 . For the sperm concentration in the PLW breed, the largest deviation from the average was observed in winter (P ≤0.01 and P ≤0.05). The highest differences in this parameter were recorded between the PLW and D × P breeds in spring, summer and autumn (P ≤0.01). Statistical analysis using the mixed model with repeated measure statements confirmed the significant influence of breed (F = 17.99; P ≤0.01) and season (F = 4.88; P ≤0.05) on the sperm concentration.
Analysis of semen volume in PLW boars showed the largest deviations between winter, and summer and autumn (P ≤0.01). The highest semen volume in the examined breeds was noted for the PLW boars in summer and autumn (P ≤0.05), and the lowest value in this period was observed for the D × P boars (P ≤0.05). Analysis of variance for semen volume affirmed the interaction between breed and season (F = 4.17; P ≤0.01).
The highest sperm concentration and percentage live sperm were recorded in winter for D × P boars (P ≤0.01). A large increase in the total number of spermatozoa was noted for the PLW breed in autumn (P ≤0.05). For PLW boar semen, compared with other breeds, the lowest total number of sperm and number of live spermatozoa in the ejaculates were recorded in winter and spring (P ≤0.01). Statistical analysis confirmed the effect of breed on the total number of sperm (F = 5.48; P ≤0.05) and the number of live sperm in the ejaculate (F = 6.23; P ≤0.05). In addition, in these parameters the interaction between season and breed was observed (F = 4.39; P ≤0.01 and F = 3.86; P ≤0.01). The largest number of insemination doses was obtained for the D × P breed in winter (P ≤0.01). Semen analysis for PLW boars showed that differences in the number of insemination doses occurred between spring and autumn (P ≤0.05). The highest number of insemination doses, in terms of breed, was recorded in winter and spring for the D × P breed (P ≤0.01). Analysis of the number of insemination doses using the general linear model allowed observation of the interaction for this parameter between breed and season (F = 4.68; P ≤0.01).
Discussion
The seasonal effect of weather on boars can be observed, especially for the parameters, semen volume and total number of sperm (Claus & Weiler, 1985) . For example, the highest semen volume, above 220 mL, was obtained in autumn and winter by Ciereszko et al. (2000) . Although in our study, in winter seasons this index was very low, it still accounted for more than 240 mL. The observed reduction in the volume of semen in the experiment could be caused by environmental conditions acting on boars directly before collection. On the other hand, the highest numbers for total and live sperm were observed in winter.
Regardless of breed, in the study conducted by lower levels were noted for the number of live sperm in ejaculates. This ratio was approximately 1 : 2. Our study indicates that the value of this size was almost identical for the same seasons, which rendered support for the findings of Smital et al. (2004) .
With an increase in volume, the total number of sperm increased, regardless of breed, which was slightly lower than the value shown by Kozdrowski & Dubiel (2004) for wild boars (r = 0.76). The reason was probably an increase in seminal vesicle, prostate and bulbourethral gland activity during this period. Seasonal changes in the quantity and quality (including levels of sex hormones) of seminal plasma are caused by the variable action of these three male accessory glands (Strzeżek et al., 2000) .
Higher activity of male glands as a result of semen parameters was noted in autumn and winter. The same interdependence was observed for wild boars residing all year in a changing external environment (Kozdrowski & Dubiel, 2004) . The hypothesis of an increased production of vitamin D and light intensity, which can affect the quantity and quality of the ejaculates, was not confirmed in short-stay boars outside the building before and after collection. In our study, temporary (summer) reduction in semen quality was noted. Rivera et al. (2005) have concluded that factors relating to temperature and humidity are more important than the length of daylight. In the opinion of Chokoe & Siebrits (2009) , temperature is a very important factor in natural mating. The studies by Wetteman & Bazer (1985) , Sonderman & Luebbe (2008) and Flowers (2008) confirmed that thermal stress negatively affects sperm quality and ejaculation volume. a,b within the same row signifies statistical significant differences between seasons, for the same breed (P ≤0.05). A,B within the same row signifies statistical significant differences between seasons, for the same breed (P≤0.01).
x,y within the same column signifies statistical significant differences between breeds, for the same season, (P ≤0.05). X within the same column signifies statistical significant differences between breeds, for the same season, (P ≤0.01).
Earlier studies have observed an inverse relation between concentration and semen volume (Ciereszko et al., 2000) and this was supported by correlations calculated in our study. The highest sperm concentration was noted in autumn and winter, and the lowest in the higher temperature period of spring and summer, which affected the number of insemination doses. Reduction in concentration and total live sperm in ejaculates is related to the number of insemination doses (Kunavongkrit et al., 2005) . Decrease in ambient temperature after summer increases the concentration of sperm in autumn; this is owing to a return to the normal functioning of the testes (Banaszewska et al., 2007) . Spring fluctuations in the parameters of ejaculates could be explained by very sudden changes in weather conditions or nutritional deficiencies. However, in wild boars, high correlation coefficients (r = 0.77) were observed between concentration and total number of sperm (Kozdrowski & Dubiel, 2000) . A similar trend was noted in own study.
Also, the analysed number of insemination doses received in each season does not allow for an explanation of which time of year can affect the value of this factor, since it depends on the economic efficiency of production. It should be noted that the number of insemination doses is dependent primarily on the concentration and number of live sperm.
The heritability of semen quality is moderate (h 2 ≈ 0.19 -0.37) (See, 2000) . Even more so loci may account for the quantity and quality of ejaculates (Lin et al., 2006) . Pigs adapt quickly to environmental conditions but these may affect production features including reproduction (Corcuera et al., 2002) . Morphological changes in genetics occur with increased frequency, and this happens almost regardless of environmental conditions (Chenoweth, 2005) .
Pig production is undertaken in various geographic locations and its intensity is based on polyoestrus and all-year sperm production. It is well known that the conditions under which boars are maintained have a significant impact on the quality of their ejaculates (Corcuera et al., 2002) . It is believed that during domestication pigs lost their diurnal rhythm of melatonin secretion or it just weakened (Tast et al., 2001) . Mediterranean climate research on photoperiod in boars showed no significant differences in semen parameters analysed, although there was a change in concentration and motility (Rivera et al., 2005) . Sancho et al. (2004) confirmed that periods with a shorter day length resulted in a sharp decrease in sperm concentration (i.e. > 100 × 10 6 /mL) and total number of sperm (i.e. ± 9 × 10 9 ) in ejaculates. Photoperiod and temperature influence the action of the testes and epididymis by modulating testosterone production. A clear increase has been observed in its level in spring (Cheon et al., 2002; . Testosterone is necessary to maintain spermatogenesis, particularly through the regulation phase of meiosis. Correct development of spermatocytes can be achieved only by maintaining the appropriate level (Dacheux et al., 2005; Sarlós et al., 2011) .
The influence of breed on the semen traits in this study supports the findings of other studies. The highest semen volume with the lowest concentration was noted for the PLW breed, which was also observed in the study by Ciereszko et al. (2000) . Higher semen volumes could be explained by the increased secretory activity of the accessory sex glands during summer, related to the photoperiod (Sancho et al., 2006) . stated that boars from large breeds (e.g. Large White, Yorkshire) have a tendency to produce larger semen volumes, as well as ejaculates with a high number of sperm. It has been proved that testes size is correlated with the ability to produce semen (Umesiobi, 2006) . A similar relationship for the PLW breed was shown in our study, although this does not include the total number of sperm in ejaculates.
The breed of boar may exert an influence on some semen parameters during certain seasons (Okere et al., 2005; Banaszewska et al., 2007) . The most resistant to environmental factors was PL boars. The PLW and D × P breed demonstrated high variability in relation to outdoor temperature. Kozdrowski & Dubiel (2004) noted that macroscopic evaluation of wild boar and boar semen demonstrated no differences, and only slight seasonal changes were shown. In their research for the analysed boar semen, an inverse relation was observed in the semen volume compared with wild boars. Lower results were obtained by Sancho et al. (2004) for Landrace boars in autumn, compared with our own results. Nearly 50% lower sperm concentrations, total numbers of sperm in ejaculates and the number of insemination doses were shown for Landrace boars.
The relationship between the various parameters is variable by breed and individual. A positive correlation was demonstrated among sperm concentration and testes activity (Ciereszko et al., 2000) . On the other hand, crossbreed boars produced more sperm in ejaculates (Smital et al., 2004) , as is confirmed in our research. Crossbreed boars play a major role in cross-breeding programmes to improve production and reproductive efficiency (Knecht et al., 2004) . The breed of boar also had a significant effect on the semen parameters in terms of compared seasons.
Conclusions
Our findings supported other studies in that the season of semen collection and breed of boar influence the quantity and quality of selected parameters of ejaculates. This translated into the most important factor for AI centres, the number of insemination doses. In summer in particular, a suitable number of donor boars (specific breeds) should be maintained in order to guarantee the appropriate number of insemination doses and for better organization of insemination stations. It is recommended that new boars should be introduced in the late winter, and the old boars of the herd should be culled in the autumn. This will help maintain continuity of production.
